Abstract: Postpartum progesterone profi les in cows with different milk yields. The aim of the study was to determine progesterone profi les in postpartum dairy cows depending on their milk yield. Analysis was also made of the effect of milk production level and milk progesterone concentration on date of fi rst estrus in cows. The study was performed with two herds of Polish Black--and-White Holstein-Friesian dairy cows. Twenty six cows in the Wielkopolska herd and 17 cows in the Małopolska herd were investigated. The full lactation milk yield of the cows from these herds averaged 9,921 and 7,640 kg, respectively. The cows were kept in a loose-housing system and received TMR diets. Milk progesterone concentration was measured with the FT Multilyser analyser. Milk samples were collected in the morning and evening on days 12, 19, 21, 28, 35, 40 and 42 postpartum. Data on milk yield and milk urea concentration from the fi rst and second test-day milking were taken from RW-2 recording reports. The herd had a statistically signifi cant effect on progesterone concentration in cow's milk, which for all the tested days averaged 15.5 mg/l in the Małopolska herd and 24.5 mg/l in the Wielkopolska herd. The level of the cow's daily milk yield had no signifi cant effect on the milk progesterone concentration. Large individual variation was observed between the cows in milk progesterone concentration. The milk progesterone content was negatively correlated with the number of days from calving to fi rst estrus. Daily milk yield had a signifi cant effect on the date of fi rst estrus after calving.
INTRODUCTION
Estrus detection continues to pose many problems to dairy cow farmers. Despite advancement of knowledge and technological progress, the correct detection of estrus is in many cases diffi cult. These diffi culties are due not only to poor work organization but also to the incidence of silent estrus (Zduńczyk et al. 2005 , Kozdrowski et al. 2006 . In addition, a high percentage of cows come into estrus at night (Kozdrowski et al. 2005) . Estrus is easier to detect in herds of cows housed in free-stall barns, where various activity meters (most often pedometers) are used for estrus detection (Holman et al. 2011 , Bruyčre et al. 2012 , Chanvallon et al. 2014 , Rutten et al. 2014 . However, these meters cannot be used in tie-stall barns, which is the predominant type of barn in Poland (Banaszkiewicz 2017) .
Considering various problems associated with estrus detection, research is ongoing to fi nd new, automated, and more importantly, effi cient methods of estrus detection (Bruyčre et al. 2012 , Saint--Dizier et al. 2012 , Homer et al. 2013 . In comparative studies on effi ciency of different estrus detection methods, the authors very often use milk progesterone concentration as the reference method (Morton et al. 2010 , Holman et al. 2011 , Bruyčre et al. 2012 , Chanvallon et al. 2014 . Today, the concentration of progesterone in cow's milk is increasingly measured with automated techniques (Saint-Dizier et al. 2012 , Samsonova et al. 2014 , including those used in fi eld conditions (eProCheck ® 2014). Milk progesterone concentration is naturally dependent on the stage of estrous cycle, but cows exhibit differences in the level of progesterone (Friggens et al. 2008 , Forde et al. 2012 . The impact of the cow's milk production level and the associated energy balance on progesterone concentration in body fl uids, including milk, is also relevant (Taylor et al. 2003) .
The aim of the study was to determine progesterone profi les in postpartum dairy cows depending on their milk yield. Analysis was also made of the effect of milk production level and milk progesterone concentration on date of fi rst estrus in postpartum cows.
MATERIAL AND METHODS
The study was performed with two herds of Polish Black-and-White Holstein--Friesian dairy cows. Twenty six cows in the Wielkopolska herd and 17 cows in the Małopolska herd were investigated. The full lactation milk yield of the cows from these herds averaged 9,921 and 7,640 kg, respectively. The cows were kept in a loose-housing system.
Progesterone concentration was measured in milk sampled in the morning and evening on days 12, 19, 21, 28, 35, 40 Data on milk yield (kg) and milk urea content from the fi rst and second test--day milking were taken from RW-2 recording reports.
The day of fi rst estrus after parturition was determined from automatic interpretation of changes in locomotor activity (pedometers), visual observations, and milk progesterone concentration.
The data were subjected to analysis of variance according to the following model:
where: μ -overall mean; G i -effect of i-th barn/herd (Wielkopolska farm, Małopolska farm); M1 j -effect of j-th daily milk yield during the fi rst test-day milking (≤ 35 kg, > 35 kg); M2 k -effect of k-th daily milk yield during the second test-day milking (≤ 35 kg, < 35 kg); Є ijkl -random error.
Differences between the means were tested with the Scheffe test. In addition, coeffi cients of Pearson's correlation were calculated between values of the variables. Statistica 10 was used for the statistical calculations.
RESULTS AND DISCUSSION
There was a statistically signifi cant (P < < 0.05; P < 0.01) effect of herd on progesterone concentration in cow's milk (Table 1 ). In cows from the Wielkopolska herd, this hormone was almost twice as high on all test days as in cows from the Małopolska herd. When considering the effect of herd, it should be noted that in both cases the cows were kept in a similar rearing system and were fed TMR diets, but differed in milk yield per lactation, which was higher by almost 2,300 kg in cows from the Wielkopolska herd. This factor may possibly explain the effect of herd on cow's milk progesterone concentration, although no statistically signifi cant effect of daily milk yield on milk progesterone concentration was observed (Table 1) . Rabiee et al. (2002) found no effect of daily milk yield on plasma and milk progesterone concentrations. In turn, Stronge et al. (2005) showed a negative linear correlation between cow's daily milk yield and milk progesterone concentration. An inverse relationship was also reported by Reksen et al. (2002) .
In our study, milk progesterone concentration showed wide variations, as evidenced by the high standard deviation in relation to the mean (Table 1) . Also Friggens et al. (2008) called attention to the high individual variation between the cows for milk progesterone concentration.
Another parameter tested in our study was the number of days from calving to fi rst estrus (Table 1) . It averaged 32.8 days and was higher for cows from the Wielkopolska herd (34.8 days) compared to cows from the Małopolska herd (28.3 days). The daily milk yield, measured at the second test-day milking, had a highly signifi cant effect on the number of days between calving and fi rst estrus. In the higher yielding cows, fi rst estrus after calving started later. No signifi cant effect of the milk progesterone level on the date of fi rst estrus after calving was observed.
Yet another parameter measured in our study was the cow's milk urea concentration (Table 1) , which is an indicator of energy balance. Milk urea concentration was 214.4 mg/l in the milk from fi rst test-day milking and 234.1 mg/l in the milk from second test-day milking. It was signifi cantly (almost twice) higher in the milk of cows from the Wielkopolska herd, but fell within the normal range. In addition, daily milk yield had a statistically signifi cant effect on the milk urea content, especially for milk from the second test-day milking (Table 1) . Table 2 shows the coeffi cients of correlation between the analysed parameters. As for the level of progesterone, relatively high and statistically signifi cant coeffi cients of correlation were found between milk progesterone concentrations on different days after calving and the mean from these days. The highest coeffi cients were noted between milk progesterone concentration on days 21 and 28, and the mean (0.85 and 0.90, respectively). A negative correlation was found between the milk progesterone concentration and the number of days from calving to fi rst estrus, in relation to both the individual days of the postpartum period and the mean progesterone concentration on these days.
The progesterone concentration was weakly correlated with the milk urea concentration -the coeffi cients of correlation can at best be described as average ( Table 2 ). The progesterone concentration also showed a weak correlation with daily milk yield, which confi rms the previous observation that daily milk yield of the cows had no statistically signifi cant effect on the milk progesterone concentration. P12, P19, P21, P28, P35, P40, P42 -milk progesterone content (ng/ml) on successive days after calving; P -mean milk progesterone concentration (ng/ml); R -number of days from calving to fi rst estrus; M1 -milk urea concentration (mg/l) at fi rst test-day milking; M2 -milk urea content (mg/l) at second test-day milking; M -mean milk urea concentration (mg/l); ML1 -daily milk yield (kg) at fi rst test-day milking; ML2 -daily milk yield (kg)
at second test-day milking; values designate the mean ± standard deviation; values marked with the same small letters differ at P < 0.05; values marked with the same small letters differ at P < 0.01. P12, P19, P21, P28, P35, P40, P42 -milk progesterone content (ng/ml) on successive days after calving; P -mean milk progesterone concentration (ng/ml); R -number of days from calving to fi rst estrus; M -mean milk urea concentration (mg/l); M1 -milk urea concentration (mg/l) at fi rst test-day milking; M2 -milk urea concentration (mg/l) at second test-day milking; ML1 -daily milk yield (kg) at fi rst test-day milking; ML2 -daily milk yield (kg) at second test-day milking; * coeffi cients signifi cant at P < 0.05; ** coeffi cients signifi cant at P < 0.01.
CONCLUSION
In summary, it should be mentioned that the milk progesterone content did not depend on the daily milk yield of the cows. Because of the high individual variation between the cows for milk progesterone concentration, it would be appropriate to determine postpartum progesterone profi les for each cow, which could contribute to effi cient estrus detection. The level of progesterone in cow's milk had no signifi cant effect on the day of fi rst estrus after calving.
